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CERCEK et al. (1974b) reported the
changes in fluorescence polarization in
cytoplasm of lymphocytes stimulated by
various kinds of antigens. Lymphocytes
from patients with malignant diseases
were differentiated from those of healthy
donors or donors with non-malignant
diseases on the basis of changes in the
structuredness of cytoplasmic matrix
(SCM) induced by cancer basic protein
(CaBP) and pliytoliaemoagglutinin (PHA)
(Cercek et al., 1974a). These observations
were confirmed by us in patients with
gastric cancer in early and in advanced
stages (Takaku et al., 1977). In those
studies, the changes in SCM had been
measured on cell suspensions, using a
fluorescence spectrophotometer equipped
with polarization accessories and a thermo-
static cuvette holder. The data obtained by
this method were, therefore, the average
changes in SCM of whole cell populations.
Recently, Cercek & Cercek (1976)
showed that the changes in SCM of single
lymphocytes could be measured with a
single-cell polarization meter composed of
a fluorescence microscope, polarizing
accessories an(1 photomultipliers. The
work described was intended to confirm
Cercek's results and to improve the con-
(litions for the assay of cancer antigens.
Single-cell polarization meter
We constructed a single-cell polarization
meter with a Nikon SPM-RFL-P fluores-
cence microscope equipped with an epi-
fluorescence condenser, and a Wallaston
prism fitted between the 2 photomulti-
pliers and the tube body. A 200W ultra-
high-pressure mercury arc with a Glan-
Thompson prism between the arc and a
dichroic mirror was used in this system
instead of a Xenon light. To prevent
photobleaching of fluorescein molecules,
an interference filter transmitting the light
only between 460 nm and 480 nm was in-
stalled between the mercury arc and the
excitation polarizer. A Glan-Thompson
prism transmitting only vertically polar-
ized light was also fitted. The epicondenser
was attached with a barrier filter to cut off
the light below 505 nm. In every measure-
ment, a Nikon Fl/40/1*30 glyc objective
was used. The diameter of the measuring
diagram in front of the Wallaston
prism was adjusted to match the size of
the lymphocyte image. The intensities of
the emissions parallel, Ii,, and perpendicu-
lar, II, to the polarised exciting light were
recorded on a 2-pen recorder. The fluores-
cence-polarization values (P values) were
calculated from the relationship; P-
(I11 QQ1)/(J/J+QL1), where Q denotes a
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FiG. 1. Therelationship between thePvalues
and the concentration ofglycerin in water-
glycerin mixtures in the Hitachi MPF-4
fluorescence spectrophotometer (solid line)
and the Nikon SPM-RFL-P single-cell
polarization meter (dotted line).
correction factor for the unequal trans-
mission of the 2 components of polarized
light through the optical system. We
adjusted the gain of each amplifier to
obtain 10 for a correction factor, Q. The
accuracy and ability of the optical system
was checked by measuring the P value of
water-glycerol mixtures of varying vis-
cosities containing 52AM fluorescein at
25°C and comparing them with the values
obtained by using the Hitachi MPF-4
fluorescence spectrophotometer. The rela-
tionship between P values and glycerol
concentrations of water-glycerol mixtures
was almost identical between these 2
systems, as shown in Fig. 1. The diagrarri
ofthe optical system is presented in Fig. 2.
Lymphocyte preparation
Human lymphocytes were obtainect
from heparinized peripheral blood by the
Ficoll-Triosil gradient separation method
(Harris and Ukaejiofo, 1969; Cercek &
Cercek, 1977). The density of Ficoll-
FIG. 2. The single-cell polarization meter.
L: 200 W ultra-high-pressure mercury light,
SH: shutter, F1: interference filter trans-
mitting light between 460 nm and 480 nm,
P: Glan-Thompson prism, M: dichroic
mirror, 0: microscope objective, S: sample,
F2: cut filter, transmitting light above 505
nm, PH: changeable pinhole, WP: Wallas-
ton prism, PM: photomultiplier.
Triosil gradients was 1*081 g/ml at 25°C.
The lymphocytes were suspended in
Dulbecco's phosphate-buffered saline at a
concentration of 6 x 106 cells/ml.
Lymphocyte stimulation
Aliquots of 50 /A of the lymphocyte
suspension were incubated for 60 min at
37°C with either 5 1l of 40 x diluted PHA
(Wellcome Ltd) or 5 ,ul of partially puri-
fied CaBP solution. The concentration of
CaBP was 50 ltg/ml. CaBP was purified
from the tissue of rectal cancer obtained
from a patient according to the method of
Carnegie et al. (1973).
Measurement ofP values
Aqueous solutions of fluorescein di-
acetate (FDA) in complete isotonic phos-
phate-buffered saline (pH 7.4, 280-290
mOsm) (Paul, 1970) were prepared by
sequential dilutions of a stock solution of
25 mg of recrystallized FDA per ml of
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reagent-grade acetone. The final concen-
tration of FDA used in the SCM measure-
ment was 1.1 pM. Finally, acetone was
diluted 5 X 104 times. The P values of
fluorescein molecules (produced by enzym-
atic hydrolysis of the non-fluorescein
substrate) in the cytoplasm of living cells
were measured with the single-cell polar-
ization meter. Ten ul of control or incu-
bated lymphocyte suspensions (,...'6x 104
lymphocytes) were mixed with 10 pl of
0.50,UM FDA solution in complete PBS
solution on a pre-cleaned microslide (Mat-
sunami Glass Ind., Ltd). The samples
were covered with pre-cleaned coverslip
No. 1 (Matsunami Glass Ind., Ltd). The
microslide and coverslip were confirmed as
non-fluorescent. The recorder was started
to record the values ofI J and I1 when the
sample was prepared. The measurement
was carried out at 22TC. We did not
measure under thermostatic conditions,
but the room temperature was carefully
controlled during the measurement. P
values of about 200 single lymphocytes
chosen at random were measured. Back-
ground fluoresence in this system was
negligible when the diluted FDA solution
was used.
The P values ofindividual unstimulated
lymphocytes from 5 healthy donors and 5
patients each with non-malignant diseases
and cancer ranged from 0 05 to 0-25, and
the mean P values of each patient were
from 0-13 to 0-19 (Table I). The mean P
values of lymphocytes from these 3 kinds
ofdonor before and after stimulation with
PHA and CaBP are shown in Table I. All
the P values were lower than those re-
ported by Cercek & Cercek (1976), prob-
ably owing to the difference of conditions
such as the time of measurement, the
FDA concentrations, the osmolarity of
Dulbecco's phosphate-buffered saline, and
the characteristics of the optical system.
As shown in Table I, almost all lympho-
cyte samples from healthy donors and
patients with non-malignant diseases re-
sponded to PHA with decrease ofP values
but not to CaBP, whereas those from
patients with cancer responded to CaBP,
but not to PHA. As shown in Table II, the
mean P values of individual lymphocytes
were stable during the 10-30 min from the
TABLE I.-MeanSCM values oflymphocytesfrom healthy donors andpatients with malig-
nant and non-malignant diseases
Diagnosis
Healthy
Healthy
Healthy
Healthy
Healthy
Apoplexy
Hypertension
Liver cirrhosis
Acanthosis nigricans
Interstitial pneumonitis
Duodenal ulcer
Sjogren's syndrome
Scleroderma
Oesophageal Ca
Stomach Ca
Colon Ca
Stomach Ca
Kidney Ca
PCONTROL
0-1575
0-1675
0-1572
0-1479
0-1480
0-1581
0-1520
0-1711
PPHA
0-1212
0-1289
0-1321
0-1079
0-1201
0-1321
0-1210
0-1424
PcaBP
0*1569
0-1650
0-1550
0-1460
0-1490
0-1550
0-1530
0-1793
RRscm
1-29
1-28
1-17
1*34
1-24
1-17
1-26
1-26
0-1394 0-1185 0-1370 1-16
0-1491 0*1327 0-1360 1-02
0-1306
0-1750
0-1987
0-1536
0-1454
0-1255
0-1707
0-1862
0-1422
0-1408
0-1206
0-1233
0-1258
0-1153
0-1357
0-96
0 72
0-67
0-81
0 98
The blood samples were tested "blind", so to a limited extent this study confirms that SCM measurements
can be used as a diagnostic test for cancer. However, it should be noted that the erythrocyte sedimentation
rate of cancer patients is usually considerably higher than that ofhealthy subjects, so in principle the operator
might have been able to distinguish between blood samples on this basis alone, in which case the test is not,
strictly speaking, a completely blind trial. A more rigorous test would be to compare the results in cases
of malignant and appropriate non-malignant pathology, with similar erythrocyte sedimentation rates.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Age
36
62
52
32
48
72
63
45
44
50
54
41
52
52
55
Sex
male
male
male
female
male
male
male
male
female
female
male
male
male
male
male
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TABLE II.-Mean values ofSCM in single
lymphocytes after exposure to FDA
Time (min) Polarization values
+s.d.
05-5 0-2032±0-0462
5-10 0-1659±0-0292
10-15 0-1507±0-0186
15-20 0-1523±0-0126
20-25 0-1495±0-0242
25-30 0-1509±0-0090
The measurement of the polarization values of
individual lymphocytes was started immediately
after the lymphocyte suspension was mixed with
Dulbecco's PBS containing 1 .tM FDA.
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FIGURE 3.-The inverse relationship between
the fluorescence intensity (-O-, -O-)
and the fluorescence polarization (---e---,
--- ---) after exposure to fluorescein
diacetate.
start of the measurement under the con-
ditions for this study. SCM was therefore
measured during that interval in this
study.
The P values ofindividual lymphocytes
from a patient with cancer are plotted
against the fluorescence intensity before
and after stimulation by CaBP as shown
in Fig. 4. Similar results could not be
obtained in PHA-stimulated lymphocytes
because the clumps of agglutinated
lymphocytes disturbed the measurement
of fluorescence intensity. The distribution
of activated lymphocytes was different
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FIG. 4.-The values of fluorescence intensity
and fluorescence polarization of individual
lymphocytes before (0) and after (0)
stimulation by CaBP.
from that of unstimulated lymphocytes in
the experiment on CaBP stimulation. The
fluorescence intensities and P values were
measured every 2 min in identical un-
stimulated lymphocytes. The inverse re-
lationship between the 2 components is
presented in Fig. 3.
This phenomenon was observed re-
peatedly in unstimulated mouse spleens as
well as cultured mouse lymphoma cells
(L5178Y) and this result prompts us to
make the following suggestion on the
physicochemical mechanism of the SCM
test. The P value ofeach cell is an average
value determined by the distribution of
the fluorescein in many intracellular sites.
An increase in the amount ofintracellular
fluorescein will saturate some of the bind-
ing sites in the cytoplasm. Consequently,
relatively more fluorescein will be dis-
solved in free water and this will decrease
the fluorescence polarization. We think
that increased average fluorescence in-
tensity, with consequent lowering of
polarization, may be one factor lowering
the average P value of CaBP-treated cells
compared to controls. However, this can-
not be the only factor, since when CaBP-
treated and control cells are compared at
equal fluorescence intensities, there is still
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a lower average P value in the CaBP-
treated population.
In another systenm-the Hitachi flow
polarization meter-we have found that
PHA-stimulated lymphocytes gave higher
pulse height accompanied by lower P
values than unstimulated lymphocytes.
The relationships between fluorescent in-
tensity and fluorescence polarization in
stimulated lymphocytes should be further
studied for the elucidation of the mech-
anism ofthe SCM test.
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